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Abstract 

We consider the CP violating effect for B — > X s l + l~ process, including both short and 
long distance effects. We obtain the CP asymmetry parameter and present its variation 
over the dilepton mass. 
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As well known, the flavor changing process b — > sl + l~ can serve as an excellent "win- 
dow" for precisely testing the standard model or for finding new physics beyond it. This 
process occurs through the one-loop diagrams. There are three types of Feynman dia- 
grams for b — > sl + l~ transition, they are electromagnetic (photonic) penguin diagrams, 
weak (Z° boson) penguin diagrams, and box diagrams [1,2]. These diagrams produce 
the short distance contributions to this process. The short distance contribution to the 
branching ratio of the inclusive process B — > X s l + l~ is estimated to be about 10~ 5 at 
large mass of top quark [2,3]. In addition to the short distance contributions, there are 
long distance contributions to b — > sl + l~ through physical intermediate states: 



The intermediate states can be vector mesons such as p, u, J/ip , and ip' . The long 
distance contribution to the branching ratio of b — > sl + l~ is calculated to be as large as 
10 -3 [4,5]. So the long distance effect is not negligable. In this paper, we study the long 
distance effect in the CP-violation of the inclusive process B — > X s l + l~ . Our work is 
different from previous ones in two aspects. Firstly, in Ref.[l], the authors studied the 
CP-violation effect of B — * X s l + l~ by considering only photonic penguin diagrams, here, 
we consider all the three types of the diagrams (electromagnetic, weak, and box diagrams) 
and include QCD corrections within the leading logarithmic approximation [6]. Secondly, 
we consider both short and long distance contributions. 

The effective Hamiltonian relevant to b — > sl + l~ transitions is [3,6,7,8] 



+£^ 7m (1- 75 )6ZV(1 + 75 )Z W 

-2im b S 2 w F*sa^q»(l + 7s ) / 'g 2 6ZV 75 Z], 
where Vi = U* s Uib {i = u, c, t) is the product of CKM matrix elements. S w = sin9 w , 6 W is 

the Weinberg angle. I — e, fx. q is the momentum of the lepton pair. 
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b — > s{uu, cc) — > sl + l . 




At the scale // xs M W) the coefficients A t and B t take the forms: 



A t = -2B(x) + 2C(x)-S 2 jAC(x)+D(x)-4/9] 
B t = -Sl[AC(x) + D(x)-A/9] 



(2) 



x 
4 



where x = m 2 /M 2 . 
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(3) 



Inx 



(x-l) 3 (x-l) 4 
Here, B(x) arises from box diagram, and C(x) from Z° penguin diagram, while D(x) is 
contributed from 7 penguin diagram. We can see from eq.(3) that with x coming larger, 
the contribution from box diagram and 7 penguin diagram will decline, while C(x) will 
become dominant. Then using the renormalization group equation to scale the effective 
Hamiltonian down to the order of the b quark mass, one obtain 



A t (x,£) = A t (x) + 
B t (x,£) = B t (x) + 



4tt 



a s (M w ) 
An 

a s (M w ) 



^(i-r 29/23 )}^ 2 
{-|(i-r 11/23 ) + ^(i-r 29/23 )}^ 



(4) 



where £ = ^4w\ = 1-75. 

^ OLs{M w ) 

Moreover, the coefficient for the magnetic-moment operator is given by 

1 8x 3 + 5x 2 - 7x 3x 3 /2 - x 2 



£-16/23 
116 



12 



(x - iy 

58 



+ 



(x-iy 



-Inx 



(5) 



l:55 « M/2S -l)-litt 28/23 -l) 



In our numerical calculation, we take m t = 17AGeV [9]. Furthermore the non-resonant 
coefficients Ai, Bi (i=u,c) are represented by 



(jji 2 q 2 \ 



(16) 



with [7] 



l _i_ i 4-r-fs 

linn -§-§** + §yr^(2 + *)(ln - V , + in), < 1); 



!^ + !a/^-1(2 + Cretan 



l - y/i - An/s 
1 



y/An/s-1 



^ > 1). 



(7) 



Here a 2 = C- + C+/3, is the coupling for the neutral frsgg (g = w, c) four-quark operator. 

In addition to the short distance contribution, the inclusive decay B — > X s l + l~ involves 
the long distance contributions arising from uu and cc resonances, such as p(770), cj(782), 
7/^(3100), and ^'(3700) et.c. The long distance contribution to the coefficients A and B 
in Eq.(l) can be taken as [4,5,10,11] 



167T 2 / /„ 



a 2 S, 



2itj> v 



(8) 



3 \M V J q 2 M- • /.\/,.r, 
where M v , and T v are the mass and width of the relevant vector meson p, cu, J/ip, and ip', 
respectively, e 2 ' 1 ^ is the relevant phase between the resonant and non-resonant amplitude. 
The decay constant /„ is defined as 



< 0|c7^c|y(e) >= f v e^. 



(9) 



We can determine /„ through the measured partial width for the decays of the mesons to 
lepton pairs [12], 

nv^' + n = f^ffl no) 

with Q c = |. For the parameter a 2 , there is the CLEO data \a 2 \ = 0.26 ± 0.03 [15]. In 
this work, a 2 should be taken as a 2 = —(0.26 ± 0.03), and <p v = or a 2 = 0.26 ± 0.03, 
<P V = f [11]. 

The differential decay width of the inclusive process B — > X s l + l~ over the dilepton 
mass is given by [4] 



d v{B^x s m-) Glml 



dz 



r F" L b 
1927T 3 



a 



AnS 2 



F b (z), 



(11) 



where z — ^ 



F b (z) = [{V^z)? + \V i B i (z)\*\ft(z)+ 

+S 2 w {V*V j [A i (z) + B t (z)]*Fi + H.C.}f b 12 (z)+ (12) 
+2Si\ViFi\*fi(z), 



and 



f*(z) = 2(l-z)(l + z-2z 2 ) 

f b 12 (z) = 6(1 -zf (13) 

f b 2 (z) = 4(l-*)(l/*-§-z/2). 
We define the CP- violating asymmetry through the rate difference between B and B: 

A CP = (14) 

1 b + 1 b 

where 1^ is obtained by integrating Eq.(ll) over the dilepton mass squared z from z m i n = 

(^f) 2 to Zmax = (1 _ ^) 2 - The CKM matrix in Eq.(12) can be written in terms of 

four parametres A, A, p and r\ in the Wolfenstein parametrization[14]. There have been 

definite results for A and A, which are A = 0.2205 ± 0.0018 [15] and A = 0.80 ± 0.12 [16]. 

But for p and rj, there are not definite results. So we express the CP-violating parameter 

for B — > X s e + e~ in terms of p and r], 

a s + l = 7.618 x 10^ 

cp 1.799 + 2.991 x 10" 3 p + 45.876(1 + 0.0484V) + 1-4718 x 10" 4 (p 2 + r/ 2 ) 1 ; 

for the case of including long distance effects, and 

s _ 3.1389 x 10- 3 ^ 

cp ~ 1.702 + 3.345 x 10~ 3 p + 3.607 x 10- 2 (1 + 0.0484 2 ^ 2 ) + 1.4373 x 10" 4 (p 2 + r] 2 ) 

(16) 

for the case without long distance effects. Eq.(15) and Eq.(16) indicate that rj affects the 
CP asymmetry mainly, and p does not. 

In table I, we give the results of A cp for some "best values" of (p, 77) [16]. We can 
see that, i) without the long distance effects, the CP- violating asymmetry A cp is about 



(1.8 ~ 6.1) x 1CT 4 , while, in Ref.[l], the relevant CP asymmetry is anout 1.3 x 1CT 2 . 
Our result is about twenty times smaller than theirs. The reason is that, in Ref.[l], only 
the photonic penguin is considered. But in fact the Z° penguin will give big contribution 
to the amplitude at large m t (~ 174GeV) [2], at the same time, it doesn't provide large 
CP-nonconserving phase, ii) including the long distance effects, the result of the CP 
asymmetry parameter A cp is about (1.5 ~ 5.4) x 10~ 5 . It is reduced about one order by 
the resonant effects. The main difference between the cases with and without long distance 
effect resides in the third term of the denominator of eq.(15) and (16), which comes from 
the integration of the first term of eq.(12), i.e., j*™* dz[\V c \ 2 \(A c (z) + B c {z))\ 2 f\{z)}. 
Without resonant contributions 

f ZmaX dz[\V c \ 2 \(A c (z) + B c {z)) s \ 2 fl{z)} = 0.12|K| 2 , (17) 

While with resonant contributions 

f maX dz[\V c \ 2 \{A c {z) + B c {z)) s+L \ 2 fl{z)\ = 152.9|\/ c | 2 , (18) 

Because the total decay width of J/ip or ip' is narrow (Tj/^p = 88KeV, = 277 KeV ), 
when the dilepton mass squared z is near the mass squared of J/tp or tp', the resonance 
will give a big contribution. At the same time, the first term of eq.(12) only contribute 
to the decay width T b and Tj, it does not give contribution to the CP- violation. So with 
the resonant effects, the CP-violation will be reduced greatly. 

We also calculated the distribution of the CP asymmetry over the dilepton mass for 
(p, 7]) taking the "preferred value" of (-0.12, 0.34) [16], 

F- b {z) - F b (z) 

Ucp F b (z) + F b (zY (i9j 

The result is ploted in Fig.l. The solide line is for the case without resonances and the 
dotted line for the case with resonances. We can see that, in general, the CP asymmetry 

6 



is suppressed by the resonance effect, and in the region near the resonances, CP- violating 
parameter is suppressed severely. 

E. Golowich and S. Pakvasa have discussed the long range effects in B — > K*^y [17], 
which is relevant to the condition of the squared mass q 2 = 0. They found a small effect 
by respecting gauge invariance. It should be noted that there is no controversy between 
their results and ours. That is in Fig.l, it is shown that when q 2 — > the long distance 
effect is also very small in the case of B — > X s l + l~. 

Finally, we want to point out that for the case of I = fx, the CP asymmetry parameter 
is smaller than the I = e case. 

This work is supported in part by the China National Natural Science Foundation and 
the Grant of State Commision of Science and Technology of China. 
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(P, V) 


A s 


"™cp 


(-0.48, 0.10) 


1.81 x 10 


1.60 x 10 


( f\ A A C\ 1 O \ 

(-0.44, 0.12) 


2.17 x 10 


1 no -\ r\ — 5 

1.92 x 10 


(-0.40, 0.15) 


2.71 x 10 


2.40 x 10 


{ c\ or 1 A 1 n\ 

(-0.36, 0.18) 


o or . , 1 r\ — -4 

3.25 x 10 


2.88 x 10 


(-0.32, 0.21) 


o Tr\ . , 1 n— 4 

3.79 x 10 


o or i r\ — 5 

3.35 x 10 


(-0.28, 0.24) 


/i o A v ., 1 n — 4 

4.34 x 10 


Q oo - , in — 5 

3.83 x 10 


/ a no r\ ot\ 

(-0.23, 0.27) 


^ o o . , i r\ — 4 

4.88 x 10 


4.31 x 10 


(-0.17, 0.29) 


5.24 x 10 


4.63 x 10 


7 a i i a on\ 

(-0.11, 0.32) 


r to . , 1 /"» — 4 

5.78 x 10 


r* 11 ir\ — - 

5.11 x 10 


(-0.04, 0.33) 


r n ^ , 1 n — 4 

5.96 x 10 


r ot - , in — 5 

5.27 x 10 


/ i c\ no n oo\ 

(+0.03, 0.33) 


5.96 x 10 


5.27 X 10 


(-0.12, 0.34) 


6.14 x 10" 4 


5.43 x 10~ 5 



Table I. CP asymmetries for some "best values" of (p, rj). A^ p denotes the cases 
without long distance contributions, A^ L with long distance contributions. 
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Figure Captions 

Fig. 1. The dilepton mass distribution of the CP asymmetry parameter for B 
X s e + e~ process without resonances (solide line) and with resonances (dotted line). 
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